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ADSP-21161N

When using the DAGs to transfer data in SIMD mode, two data
values are transferred with each access of memory or the regis-
ter file.

SIMD is supported only for internal memory accesses and is not
supported for off-chip accesses.

Independent, Parallel Computation Units

Within each processing element is a set of computational units.
The computational units consist of an arithmetic/logic unit
(ALU), multiplier, and shifter. These units perform single-cycle
instructions. The three units within each processing element are
arranged in parallel, maximizing computational throughput.
Single multifunction instructions execute parallel ALU and
multiplier operations. In SIMD mode, the parallel ALU and
multiplier operations occur in both processing elements. These
computation units support IEEE 32-bit single-precision float-
ing-point, 40-bit extended precision floating-point, and 32-bit
fixed-point data formats.

Data Register File

A general-purpose data register file is contained in each pro-
cessing element. The register files transfer data between the
computation units and the data buses, and store intermediate
results. These 10-port, 32-register (16 primary, 16 secondary)
register files, combined with the SHARC enhanced Harvard
architecture, allow unconstrained data flow between computa-
tion units and internal memory. The registers in PEX are
referred to as RO-R15 and in PEY as S0-S15.

Single-Cycle Fetch of Instruction and Four Operands

The ADSP-21161N features an enhanced Harvard architecture
in which the data memory (DM) bus transfers data and the pro-
gram memory (PM) bus transfers both instructions and data
(see Figure 2). With the ADSP-21161N’s separate program and
data memory buses and on-chip instruction cache, the proces-
sor can simultaneously fetch four operands (two over each data
bus) and an instruction (from the cache), all in a single cycle.
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Figure 2. System Diagram
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(for example 10k ohm). These pins must be driven low with a
strong enough drive strength (10-50 ohms) to overcome the
SHARC keeper latches present on these pins. If the drive
strength provided is not strong enough, data access failures can
occur.

For single processor SHARC systems using this host access fea-
ture, address pins ADDR17, ADDR18, ADDR19, and ADDR20
may be tied low (for example through a 10k ohm resistor),
driven low by a buffer/driver, or left floating. Any of these
options is sufficient.

General-Purpose I/0 Ports

The ADSP-21161N also contains 12 programmable, general
purpose I/O pins that can function as either input or output. As
output, these pins can signal peripheral devices; as input, these
pins can provide the test for conditional branching.

Program Booting

The internal memory of the ADSP-21161N can be booted at
system power-up from either an 8-bit EPROM, a host processor,
the SPI interface, or through one of the link ports. Selection of
the boot source is controlled by the Boot Memory Select (BMS),
EBOOT (EPROM Boot), and Link/Host Boot (LBOOT) pins.
8-, 16-, or 32-bit host processors can also be used for booting.

Phase-Locked Loop and Crystal Double Enable

The ADSP-21161N uses an on-chip phase-locked loop (PLL) to
generate the internal clock for the core. The CLK_CFG1-0 pins
are used to select ratios of 2:1, 3:1, and 4:1. In addition to the
PLL ratios, the CLKDBL pin can be used for more clock ratio
options. The (1x/2x CLKIN) rate set by the CLKDBL

pin determines the rate of the PLL input clock and the rate at
which the external port operates. With the combination of
CLK_CFG1-0 and CLKDBL, ratios of 2:1, 3:1, 4:1, 6:1, and 8:1
between the core and CLKIN are supported. See also Figure 8
on Page 20.

Power Supplies

The ADSP-21161N has separate power supply connections for
the analog (AVpp/AGND), internal (Vppnr), and external
(Vppexr) power supplies. The internal and analog supplies must
meet the 1.8 V requirement. The external supply must meet the
3.3 V requirement. All external supply pins must be connected
to the same supply.

Note that the analog supply (AVpp) powers the ADSP-21161N’s
clock generator PLL. To produce a stable clock, provide an
external circuit to filter the power input to the AVpp pin. Place
the filter as close as possible to the pin. The AVypyp, filter circuit
shown in Figure 6 must be added for each ADSP-21161N in the
multiprocessor system. To prevent noise coupling, use a wide
trace for the analog ground (AGND) signal and install a decou-
pling capacitor as close as possible to the pin.

Rev.C | Page9of60
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Figure 6. Analog Power (AVpp) Filter Circuit

DEVELOPMENT TOOLS

Analog Devices supports its processors with a complete line of
software and hardware development tools, including integrated
development environments (which include CrossCore® Embed-
ded Studio and/or VisualDSP++®), evaluation products,
emulators, and a wide variety of software add-ins.

Integrated Development Environments (IDEs)

For C/C++ software writing and editing, code generation, and
debug support, Analog Devices offers two IDEs.

The newest IDE, CrossCore Embedded Studio, is based on the
Eclipse™ framework. Supporting most Analog Devices proces-
sor families, it is the IDE of choice for future processors,
including multicore devices. CrossCore Embedded Studio
seamlessly integrates available software add-ins to support real
time operating systems, file systems, TCP/IP stacks, USB stacks,
algorithmic software modules, and evaluation hardware board
support packages. For more information visit
www.analog.com/cces.

The other Analog Devices IDE, VisualDSP++, supports proces-
sor families introduced prior to the release of CrossCore
Embedded Studio. This IDE includes the Analog Devices VDK
real time operating system and an open source TCP/IP stack.
For more information visit www.analog.com/visualdsp. Note
that VisualDSP++ will not support future Analog Devices
processors.

EZ-KIT Lite Evaluation Board

For processor evaluation, Analog Devices provides wide range
of EZ-KIT Lite® evaluation boards. Including the processor and
key peripherals, the evaluation board also supports on-chip
emulation capabilities and other evaluation and development
features. Also available are various EZ-Extenders®, which are
daughter cards delivering additional specialized functionality,
including audio and video processing. For more information
visit www.analog.com and search on “ezkit” or “ezextender”.

EZ-KIT Lite Evaluation Kits

For a cost-effective way to learn more about developing with
Analog Devices processors, Analog Devices offer a range of EZ-
KIT Lite evaluation kits. Each evaluation kit includes an EZ-KIT
Lite evaluation board, directions for downloading an evaluation
version of the available IDE(s), a USB cable, and a power supply.
The USB controller on the EZ-KIT Lite board connects to the
USB port of the user’s PC, enabling the chosen IDE evaluation
suite to emulate the on-board processor in-circuit. This permits
the customer to download, execute, and debug programs for the
EZ-KIT Lite system. It also supports in-circuit programming of
the on-board Flash device to store user-specific boot code,
enabling standalone operation. With the full version of Cross-
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Table 2. Pin Function Descriptions (Continued)

Type

Function

MOSI

MISO

LxDAT7-0
[DATA15-0]

LxCLK

LxACK

EBOOT

LBOOT

BMS

CLKIN

XTAL

CLK_CFG1-0

170 (o/d)

170 (o/d)

1/0
[I/0/T]

1/0

1/0

I/0/T

Serial Peripheral Interface Slave Device Select. An active low signal used to enable slave devices. This input
signal behaves like a chip select, and is provided by the master device for the slave devices. In multimaster
mode SPIDS signal can be asserted to a master device to signal that an error has occurred, as some other
deviceisalsotrying to be the masterdevice.Ifasserted low when the device isin master mode, itis considered
amultimaster error. For a single-master, multiple-slave configuration where FLAG3-0 are used, this pin must
be tied or pulled high to Vppexr on the master device. For ADSP-21161N to ADSP-21161N SPl interaction, any
of the master ADSP-21161N’s FLAG3-0 pins can be used to drive the SPIDS signal on the ADSP-21161N SPI
slave device.

SPI Master Out Slave. If the ADSP-21161N is configured as a master, the MOSI pin becomes a data transmit
(output) pin, transmitting output data. If the ADSP-21161N is configured as a slave, the MOSI pin becomes a
data receive (input) pin, receiving input data. In an ADSP-21161N SPl interconnection, the data is shifted out
from the MOSI output pin of the master and shifted into the MOSl input(s) of the slave(s). MOSI has an internal
pull-up resistor.

SPI Master In Slave Out. If the ADSP-21161N is configured as a master, the MISO pin becomes a data receive
(input) pin, receiving input data. If the ADSP-21161N is configured as a slave, the MISO pin becomes a data
transmit (output) pin, transmitting output data. In an ADSP-21161N SPI interconnection, the data is shifted
out from the MISO output pin of the slave and shifted into the MISO input pin of the master. MISO has an
internal pull-up resistor. MISO can be configured as o/d by setting the OPD bit in the SPICTL register.

Note: Only one slave is allowed to transmit data at any given time.

Link Port Data (Link Ports 0-1).

For silicon revisions 1.2 and higher, each LxDAT pin has a keeper latch that is enabled when used as a data
pin; or a 20 kQ internal pull-down resistor that is enabled or disabled by the LxPDRDE bit of the LCTL register.
For silicon revisions 0.3, 1.0, and 1.1 each LxDAT pin has a 50 kQ internal pull-down resistor that is enabled
or disabled by the LxPDRDE bit of the LCTL register.

Note: L1DAT7-0 are multiplexed with the DATA15-8 pins LODAT7-0 are multiplexed with the DATA7-0 pins. If link
ports are disabled and are not used, these pins can be used as additional data lines for executing instructions at
up to the full clock rate from external memory. See DATA47-16 for more information.

Link Port Clock (Link Ports 0-1). Each LxCLK pin has an internal pull-down 50 kQ resistor that is enabled or
disabled by the LxPDRDE bit of the LCTL register.

Link Port Acknowledge (Link Ports 0-1). Each LxACK pin has an internal pull-down 50 kQ resistor that is
enabled or disabled by the LxPDRDE bit of the LCTL register.

EPROM Boot Select. For a description of how this pin operates, see the table in the BMS pin description. This
signal is a system configuration selection that should be hardwired.

Link Boot. For a description of how this pin operates, see the table in the BMS pin description. This signal is
a system configuration selection that should be hardwired.

Boot Memory Select. Serves as an output or input as selected with the EBOOT and LBOOT pins (see Table 4).
This input is a system configuration selection that should be hardwired. For Host and PROM boot, DMA
channel 10 (EPBO) is used. For Link boot and SPI boot, DMA channel 8 is used.

Three-state only in EPROM boot mode (when BMS is an output).

Local ClockIn. Used in conjunction with XTAL. CLKIN is the ADSP-21161N clock input. It configures the ADSP-
21161N to use either its internal clock generator or an external clock source. Connecting the necessary
components to CLKIN and XTAL enables the internal clock generator. Connecting the external clock to CLKIN
while leaving XTAL unconnected configures the ADSP-21161N to use the external clock source such as an
external clock oscillator.The ADSP-21161N external port cycles at the frequency of CLKIN. The instruction
cycle rate is a multiple of the CLKIN frequency; it is programmable at power-up via the CLK_CFG1-0 pins.
CLKIN may not be halted, changed, or operated below the specified frequency.

Crystal Oscillator Terminal 2. Used in conjunction with CLKIN to enable the ADSP-21161N’s internal clock
oscillator or to disable it to use an external clock source. See CLKIN.

Core/CLKIN Ratio Control. ADSP-21161N core clock (instruction cycle) rate is equal to n x PLLICLK where
n is user selectable to 2, 3, or 4, using the CLK_CFG1-0 inputs. These pins can also be used in combination
with the CLKDBL pin to generate additional core clock rates of 6 x CLKIN and 8 x CLKIN (see the Clock Rate
Ratios table in the CLKDBL description).
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Table 2. Pin Function Descriptions (Continued)

Pin

Type

Function

CLKDBL

CLKOUT

RESET

RSTOUT'

TCK
TMS
TDI

TDO
TRST

EMU

VDDINT

Vooext
AVDD

AGND
GND
NC

orT

I/A

I/S

I/S

I/A

0 (0/D)

Crystal Double Mode Enable. This pin is used to enable the 2x clock double circuitry, where CLKOUT can
be configured as either 1x or 2x the rate of CLKIN. This CLKIN double circuit is primarily intended to be used
for an external crystal in conjunction with the internal clock generator and the XTAL pin. The internal clock
generator when used in conjunction with the XTAL pin and an external crystal is designed to support up to
amaximum of 27.5 MHz external crystal frequency. CLKDBL can be used in XTAL mode to generate a 55 MHz
input into the PLL. The 2x clock mode is enabled (during RESET low) by tying CLKDBL to GND, otherwise it is
connected to Vppexr for 1x clock mode. For example, this enables the use of a 27.5 MHz crystal to enable 110
MHz core clock rates and a 55 MHz CLKOUT operation when CLK_CFG0=0, CLK_CFG1=0 and CLKDBL=0.
This pin can also be used to generate different clock rate ratios for external clock oscillators as well. The
possible clock rate ratio options (up to 110 MHz) for either CLKIN (external clock oscillator) or XTAL (crystal
input) are shown in Table 3 on Page 16. An 8:1 ratio enables the use of a 12.5 MHz crystal to generate a 100
MHz core (instruction clock) rate and a 25 MHz CLKOUT (external port) clockrate. See also Figure 8 on Page 20.
Note: When using an external crystal, the maximum crystal frequency cannot exceed 27.5 MHz. For all other
external clock sources, the maximum CLKIN frequency is 55 MHz.

Local Clock Out. CLKOUT is 1x or 2x and is driven at either 1x or 2x the frequency of CLKIN frequency by the
current bus master. The frequency is determined by the CLKDBL pin. This output is three-stated when the
ADSP-21161N is not the bus master or when the host controls the bus (HBG asserted). A keeper latch on the
DSP’s CLKOUT pin maintains the output at the level it was last driven. This latch is only enabled on the ADSP-
21161N with ID2-0=00x.

If CLKDBL enabled, CLKOUT=2 x CLKIN

If CLKDBL disabled, CLKOUT=1 x CLKIN

Note: CLKOUT is only controlled by the CLKDBL pin and operates at either 1 x CLKIN or 2 x CLKIN.

Do not use CLKOUT in multiprocessing systems. Use CLKIN instead.

Processor Reset. Resets the ADSP-21161N to a known state and begins execution at the program memory
location specified by the hardware reset vector address. The RESET input must be asserted (low) at power-up.

Reset Out. When RSTOUT is asserted (low), this pin indicates that the core blocks are in reset. It is deasserted
4080 cycles after RESET is deasserted indicating that the PLL is stable and locked.

Test Clock (JTAG). Provides a clock for JTAG boundary scan.
Test Mode Select (JTAG). Used to control the test state machine. TMS has a 20 kQ internal pull-up resistor.

Test Data Input (JTAG). Provides serial data for the boundary scan logic. TDI has a 20 kQ internal pull-up
resistor.

Test Data Output (JTAG). Serial scan output of the boundary scan path.

Test Reset (JTAG). Resets the test state machine. TRST must be asserted (pulsed low) after power-up or held
low for proper operation of the ADSP-21161N. TRST has a 20 kQ2 internal pull-up resistor.

Emulation Status. Must be connected to the ADSP-21161N Analog Devices DSP Tools product line of JTAG
emulators target board connector only. EMU has a 50 kQ internal pull-up resistor.

Core Power Supply. Nominally +1.8 V dc and supplies the DSP’s core processor (14 pins).
1/0 Power Supply. Nominally +3.3 V dc. (13 pins).

Analog Power Supply. Nominally +1.8 V dc and supplies the DSP’s internal PLL (clock generator). This pin
has the same specifications as Vppnr, except that added filtering circuitry is required. For more information,
see Power Supplies on Page 9.

Analog Power Supply Return.
Power Supply Return. (26 pins).
Do Not Connect. Reserved pins that must be left open and unconnected. (4 pins)

'RSTOUT exists only for silicon revisions 1.2 and greater.
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Table 3. Clock Rate Ratios

CLKDBL CLK_CFG1 CLK_CFGO Core:CLKIN CLKIN:CLKOUT
1 0 0 2:1 1:1

1 0 1 3:1 1:1

1 1 0 4:1 1:1

0 0 0 4:1 1:2

0 0 1 6:1 1:2

0 1 0 8:1 1:2
BOOT MODES

Table 4. Boot Mode Selection

EBOOT |LBOOT |BMS Booting Mode

1 0 Output EPROM (Connect BMS to EPROM chip select.)

0 0 1 (Input) Host Processor

0 1 0 (Input) Serial Boot via SPI

0 1 1 (Input) Link Port

0 0 0 (Input) No Booting. Processor executes from external memory.
1 1 X (Input) Reserved
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SPECIFICATIONS

OPERATING CONDITIONS
100 MHz 110 MHz

Parameter’ |Description Test Conditions Min Max Min Max Unit
Vpoint Internal (Core) Supply Voltage 1.71 1.89 1.71 1.89 \"
AVpp Analog (PLL) Supply Voltage 1.71 1.89 1.71 1.89 \%
Vopext External (I/0) Supply Voltage 3.13 347 3.13 347 Vv
V4 High Level Input Voltage® @ Vppext = Max 2.0 Vopexr+0.5 2.0 Vopexr+0.5 \Y
Viu Low Level Input Voltage? @ Vppexr = Min -0.5 +0.8 -0.5 +0.8 Vv
Tease Case Operating Temperature’ -40 +105 -40 +125 °C

! Specifications subject to change without notice.
* Applies to input and bidirectional pins: DATA47-16, ADDR23-0, MS3-0, RD, WR, ACK, SBTS, IRQ2-0, FLAG11-0, HBG, HBR, CS, DMARI, DMARZ, BR6-1, ID2-0,
RPBA, PA, BRST, FSx, DxA, DxB, SCLKx, RAS, CAS, SDWE, SDCLKO0, LxDAT7-0, LxCLK, LxACK, SPICLK, MOSI, MISO, SPIDS, EBOOT, LBOOT, BMS, SDCKE,

CLK_CFGx, CLKDBL, CLKIN, RESET, TRST, TCK, TMS, TDI.
*See Thermal Characteristics on Page 55 for information on thermal specifications.
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ELECTRICAL CHARACTERISTICS

Parameter | Description Test Conditions Min Max Unit
Vou High Level Output Voltage' @ Vppexr= Min, lgy = —2.0 mA? 24 Y
VoL Low Level Output Voltage' @ Vppexr= Min, lo, = 4.0 mA? 0.4 v
Iy High Level Input Current>* @ Vppexr = Max, Viy = Vppexr Max 10 pA
I Low Level Input Current? @ Vppexr= Max, Viy=0V 10 HA
e CLKIN High Level Input Current® @ Vppexr= Max, Vi = Vppexr Max 35 HA
lic CLKIN Low Level Input Current® @ Vppexr= Max, Viy=0V 35 HA
I Keeper High Load Current® @ Vppexr= Max, Viy=2.0V -250 -100 HA
I Keeper Low Load Current® @ Vppexr= Max, Viy=0.8V 50 200 HA
lkr-on Keeper High Overdrive Current® 72 @ Vppexr = Max -300 pA
lki-op Keeper Low Overdrive Current® 78 @ Vppexr = Max 300 pA
lipu Low Level Input Current Pull-Up* @ Vppexr= Max, Viy=0V 350 HA
lozn Three-State Leakage Current® ' ! @ Vppexr = Max, Viy = Vppexr Max 10 pA
lozL Three-State Leakage Current® %13 @ Vppexr= Max, Viy=0V 10 pA
lozLpur Three-State Leakage Current Pull-Up1® @ Vppexr= Max, Viy =0V 500 pA
lozLpu2 Three-State Leakage Current Pull-Up2" @ Vppexr= Max, Viy =0V 350 pA
lozhpp1 Three-State Leakage Current Pull-Down1'? @ Vppexr= Max, Viy = Vppexr Max 350 pA
lozupp2 Three-State Leakage Current Pull-Down2' @ Vppexr= Max, Viy = Vppexr Max 500 pA
IpD-INPEAK Supply Current (Internal)'™ 1> teck = 9.0 ns, Vppt = Max 965 mA
teck = 10.0 ns, Vppinr = Max 900
IpD-INHIGH Supply Current (Internal)' 16 teck = 9.0 ns, Vppt = Max 700 mA
teck = 10.0 ns, Vppinr = Max 650
Iob-INLOW Supply Current (Internal)' "7 teck = 9.0 ns, Vppt = Max 535 mA
teck = 10.0 ns, Vppinr = Max 500
IoD-DLE Supply Current (Idle)'> 18 teck = 9.0 ns, Vppt = Max 425 mA
teck = 10.0 ns, Vppinr = Max 400
Alpp Supply Current (Analog)'® @ AVpp = Max 10 mA
Ci Input Capacitance?®?! fv=1MHz, Tcage = 25°C, Viy = 1.8V 4.7 pF

! Applies to output and bidirectional pins: DATA47-16, ADDR23-0, MS3-0, RD, WR, ACK, DQM, FLAG11-0, HBG, REDY, DMAGI, DMAG2, o
BR6-1, BMSTR, PA, BRST, FSx, DxA, DxB, SCLKx, RAS, CAS, SDWE, SDA10, LxDAT7-0, LxCLK, LxACK, SPICLK, MOSI, MISO, BMS, SDCLKx, SDCKE, EMU, XTAL,
TDO, CLKOUT, TIMEXP, RSTOUT.

?See Output Drive Currents on Page 54 for typical drive current capabilities.

3 Applies to input pins: DATA47-16, ADDR23-0, MS3-0, SBTS, IRQ2-0, FLAG11-0, HBG, HBR, C5, BR6-1, ID2-0, RPBA, BRST, FSx, DxA, DxB, SCLKx, RAS, CAS, SDWE,
SDCLKO, LxDAT7-0, LxCLK, LxACK, SPICLK, MOSI, MISO, SPIDS, EBOOT, LBOOT, BMS, SDCKE, CLK_CFGx, CLKDBL, TCK, RESET, CLKIN.

4 Applies to input pins with 20 kQ internal pull-ups: RD, WR, ACK, DMAR1, DMARZ, PA, TRST, TMS, TDL

* Applies to CLKIN only.

¢ Applies to all pins with keeper latches: ADDR23-0, DATA47-0, MS3-0, BRST, CLKOUT.

7 Current required to switch from kept high to low or from kept low to high.

# Characterized, but not tested.

1 Applies to three-statable pins with 50 kQ internal pull-ups: DxA, DxB, SCLKx, SPICLK., EMU, MISO, MOSL.

2Applies to three-statable pins with 50 kQ internal pull-downs: LXDAT7-0 (below Revision1.2), LxCLK, LxACK. Use Iozpp, for Rev. 1.2 and higher.

B Applies to three-statable pins with 20 kQ internal pull-downs: LxDAT7-0 (Revision 1.2 and higher).

"The test program used to measure Ippnpeak represents worst-case processor operation and is not sustainable under normal application conditions. Actual internal power
measurements made using typical applications are less than specified. For more information, see Power Dissipation on Page 20.

>Current numbers are for Vppyr and AVDD supplies combined.

LT piNHIGH IS @ composite average based on a range of high activity code. For more information, see Power Dissipation on Page 20.

"ppixtow is a composite average based on a range of low activity code. For more information, see Power Dissipation on Page 20.

'*Idle denotes ADSP-21161N state during execution of IDLE instruction. For more information, see Power Dissipation on Page 20.

YCharacterized, but not tested.

“Applies to all signal pins.

*!Guaranteed, but not tested.
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Clock Input
In systems that use multiprocessing or SBSRAM, CLKDBL can- Do not use CLKOUT as the clock source for the SBSRAM
not be enabled nor can the systems use an external crystal as the device. Using an external crystal in conjunction with CLKDBL
CLKIN source. to generate a CLKOUT frequency is not supported. Negative
hold times can result from the potential skew between CLKIN
and CLKOUT.
Table 11. Clock Input
100 MHz 110 MHz
Parameter Min Max Min Max Unit
Timing Requirements
tek CLKIN Period' 20 238 18 238 ns
text CLKIN Width Low' 7.5 119 7 119 ns
ten  CLKIN Width High' 7.5 119 7 119 ns
tarr CLKIN Rise/Fall (0.4 V-2.0 V) 3 3 ns
tcak  CCLK Period 10 30 9 30 ns
Switching Characteristics
tockoo CLKOUT Delay After CLKIN 0 2 0 2 ns
tckor  CLKOUT Period tek—1 tekt1 teg—1 tegt1 ns
taewn  CLKOUT Width High tekor/2-2 tekop/2+2 tekor/2-2 tekor/2+2 ns
taw  CLKOUT Width Low tecop/2-2 teop/2+2 tokop/2-2 tekop/2+2 ns

! CLKIN is dependent on the configuration of the CLKCFGx and CLKDBL pins to achieve desired tccix.

- ck—————>]
CLKIN
——toy——wr—to ——»
thckoo! (41 tckop! »>
-—tckwn’ ity ——
CLKOUT
tockoo? >
tockoo? > e—tokop2——»
tokwn? [ >l »(tokwL?
CLKOUT ‘\4\7 \
NOTES:

1. WHEN CLKDBL IS DISABLED, ANY SPECIFICATION TO CLKIN
APPLIES TO THE RISING EDGE, ONLY.

2. WHEN CLKDBL IS ENABLED, ANY SPECIFICATION TO CLKIN
APPLIES TO THE RISING OR FALLING EDGE.

Rev. C
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Clock Signals

The ADSP-21161N can use an external clock or a crystal. See
CLKIN pin description. The programmer can configure the
ADSP-21161N to use its internal clock generator by connecting

Reset

Table 12. Reset

the necessary components to CLKIN and XTAL. Figure 12
shows the component connections used for a crystal operating
in fundamental mode.

XTAL

o
l 27pF

SUGGESTED COMPONENTS FOR 100MHz OPERATION:
ECLIPTEK EC2SM-25.000M (SURFACE MOUNT PACKAGE)
ECLIPTEK EC-25.000M (THROUGH-HOLE PACKAGE)

C1=27pF
C2=27pF

NOTE: C1 AND C2 ARE SPECIFIC TO CRYSTAL SPECIFIED FOR X1.
CONTACT CRYSTAL MANUFACTURER FOR DETAILS. THIS 25MHz
CRYSTAL GENERATES A 100MHz CCLK AND A 50MHz EP CLOCK
WITH CLKDBL ENABLED AND A 2:1 PLL MULTIPLY RATIO.

Figure 12. 100 MHz Operation (Fundamental Mode Crystal)

Parameter Min Max Unit
Timing Requirements

twrst RESET Pulsewidth Low' Aoy ns
topst RESET Setup Before CLKIN High? 8.5 ns

! Applies after the power-up sequence is complete.
?Only required if multiple ADSP-21161Ns must come out of reset synchronous to CLKIN with program counters (PC) equal. Not required for multiple ADSP-21161Ns
communicating over the shared bus (through the external port), because the bus arbitration logic synchronizes itself automatically after reset.

Rev. C

Figure 13. Reset
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Memory Read — Bus Master Table 16. These specifications apply when the ADSP-21161N is
the bus master accessing external memory space in asynchro-

Use these specifications for asynchronous interfacing to memo-
nous access mode.

ries (and memory-mapped peripherals) without reference to
CLKIN except for ACK pin requirements listed in footnote 4 of

Table 16. Memory Read — Bus Master

100 MHz 110 MHz

Parameter Min Max Min Max Unit

Timing Requirements

toap Address, Selects Delay to tckop—0.25tcc k—8.5+W tekop—0.25tcc k—6.75+W | ns
Data Valid" %3

toRlD RD Low to Data Valid'? 0.75tckop—11+W 0.75tckop—11+W ns

thoa Data Hold from Address, | 0 0 ns
Selects*

teps Data Setup toRD High |8 8 ns

tHDRH Data Hold from RD High*| 1 1 ns

toaak ACK Delay from Address, tekop—0.5tcck=12+W tekop— 0.5t k—-12+W ns
Selects®>

tpsak ACK Delay from RD Low® tekop—0.75tcck—11+W tekop—0.75tcck-11+W [ ns

tsakc ACK Setup to CLKIN® 0.5t «+3 0.5t +3 ns

thake ACK Hold After CLKIN 1 1 ns

Switching Characteristics

toRHA Address Selects Hold 0.25tcc-1+H 0.25tcck-1+H ns
After RD High

toarL Address SelectstoRD | 0.25tccx-3 0.25tcqk-3 ns
Low?

taw RD Pulsewidth tekop—0.5tcck—1+W tekop—0.5tcck—1+W ns

tawr RD High to WR, RD, 0.5tccik—1+HI 0.5tcck—1+HI ns
DMAGx Low

W = (number of wait states specified in WAIT register) X tcyop-
HI = te¢op (if an address hold cycle or bus idle cycle occurs, as specified in WAIT register; otherwise HI = 0).
H = teyop (if an address hold cycle occurs as specified in WAIT register; otherwise H = 0).

! Data Delay/Setup: User must meet tpyp, tprip, OF tsps.

?The falling edge of MSx, BMS is referenced.

3 The maximum limits of timing requirement values for tpypand tpg;p parameters are applicable for the case where ACK is always high.

* Data Hold: User must meet tyyp, OF typgy in asynchronous access mode. See Example System Hold Time Calculation on Page 54 for the calculation of hold times given capacitive
and dc loads.

® For asynchronous access, ACK is sampled only after the programmed wait states for the access have been counted. For the first CLKIN cycle of a new external memory access,
ACK must be driven low (deasserted) by tpaak, tpsak» O tsakc. For the second and subsequent cycles of an asynchronous external memory access, the tsaxc and tyaxc must be
met for both assertion and deassertion of ACK signal.
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Memory Write — Bus Master

Use these specifications for asynchronous interfacing to memo-
ries (and memory-mapped peripherals) without reference to
CLKIN except for ACK pin requirements listed in footnote 1 of

Table 17. Memory Write — Bus Master

Table 17. These specifications apply when the ADSP-21161N is
the bus master accessing external memory space in asynchro-

nous access mode.

Parameter Min Max Unit
Timing Requirements

toaak ACK Delay from Address, Selects' 2 tekop—0.5tcc—12+W ns
tpsak ACK Delay from WR Low' texop—0.75tcc—=11+W ns
toakc ACK Setup to CLKIN' 0.5tccik+3 ns
thake ACK Hold After CLKIN' 1 ns
Switching Characteristics

toawH Address, Selects to WR Deasserted? tekop — 0.25tcck— 3+W ns
toawL Address, Selects to WR Low? 0.25tccik—3 ns
tww WR Pulsewidth tekop— 0.5tcck— 1+ W ns
toowh Data Setup Before WR High tekop—0.25tcck— 13.5+W ns
towHA Address Hold After WR Deasserted 0.25tcck—1+H ns
towHp Data Hold After WR Deasserted 0.25tccx—1+H ns
tDATRWH Data Disable After WR Deasserted? 0.25tccik—2+H 0.25tck+2.5+H ns
twwr WR High to WR, RD, DMAGx Low 0.5tccik— 1.254HI ns
toowr Data Disable Before WR or RD Low 0.25tccik— 3+I ns
twoe WR Low to Data Enabled —0.25tcqk— 1 ns

W = (number of wait states specified in WAIT register) X tcgop-

H = teyop (if an address hold cycle occurs, as specified in WAIT register; otherwise H = 0).

HI = tekop (if an address hold cycle or bus idle cycle occurs, as specified in WAIT register; otherwise HI = 0).
I = teyop (if @ bus idle cycle occurs, as specified in WAIT register; otherwise | = 0).

! For asynchronous access, ACK is sampled only after the programmed wait states for the access have been counted. For the first CLKIN cycle of a new external memory access,
ACK must be driven low (deasserted) by tpaax tpsak, OF tsakc. For the second and subsequent cycles of an asynchronous external memory access, the tsyxc and tysxc must be
met for both assertion and deassertion of ACK signal.

?The falling edge of MSx, BMS is referenced.

* See Example System Hold Time Calculation on Page 54 for calculation of hold times given capacitive and dc loads.
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Host Bus Request

Use these specifications for asynchronous host bus requests of
an ADSP-21161N (HBR, HBG).

Table 20. Host Bus Request

100 MHz 110 MHz
Parameter Min Max Min Max Unit
Timing Requirements
taaresv HBG Low to RD/WR/CS Valid 19 19 ns
tsuari HBR Setup Before CLKIN' 6 6 ns
Thmeri HBR Hold After CLKIN' 1 1 ns
tsupal HBG Setup Before CLKIN 6 6 ns
thHeal HBG Hold After CLKIN 1 1 ns
Switching Characteristics
toHeGO HBG Delay After CLKIN 7 7 ns
thgco HBG Hold After CLKIN 1.5 1.5 ns
toroycs REDY (O/D) or (A/D) Low from CS and HBR Low? 10 10 ns
trRoVHG REDY (O/D) Disable or REDY (A/D) High from HBG? | texop + 14 tekop + 12 ns
taRDYTR REDY (A/D) Disable from CS or HBR High? 11 11 ns

! Only required for recognition in the current cycle.
2(O/D) = open drain, (A/D) = active drive.
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READ CYCLE
ADDRESS/CS
tsaprRoL—) [— tuaproH
twrwh >
RD 4
»| tHparwH
_— o
tspatroy [« > »| torouroy
[#——*oRov ROL—"{%— tRpYPRO—™]
REDY (O/D)
REDY (A/D) / \
WRITE CYCLE
ADDRESS
tuaowrn
[ tscswaL tucswrn —
Ccs
- twwaL > twrwnh >
WR
tspatwn [ > ™ tupatwn
DATA (IN)
[—— toroywrL —1 trpyew R [« »| towrHrDY
REDY (O/D)
REDY (A/D) / \

O/D = OPEN DRAIN, A/D = ACTIVE DRIVE

Figure 23. Asynchronous Read/Write — Host to ADSP-21161N
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CLKIN
tospki —™ |— t
SDKH
[—tgp—> - »
SDCLK — 1
tspspk —» - - >
—> +— tupsok tspkL
DATA(IN) >
tocapspk — - 7 tsorrsok
tspenspk —| - — *— | tucapspk
DATA(OUT)
tocapspk — -
CMND'ADDR
(ouT) ><
— {
tspcen —» - Hf)ADSDK - tspctr
CMND'(OUT) ©
»
144
»
ADDR «
(OUT) )2
{
tspaen — <~ <—tsparp—>-
CLKIN
tspspken —| ’47 N <a—tspspkTR—
\$
SDCLK
I ».
A\S
CLKOUT
—tsspKc1—]
SDCLK (IN)
tscspk [ >
CMND2 (IN)
- »| tycspk
1COMMAND = SDCKE, MSx, RAS, CAS, SDWE, DQM, AND SDA10.
2COMMAND = SDCKE, RAS, CAS, AND SDWE.
Figure 26. SDRAM Interface
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EXTERNAL RECEIVE FS WITH MCE =1, MFD =0

DRIVE

SCLK

l—— tsEsen —

SAMPLE DRIVE

S

“— thorsen

FS :>

—{ toprEN

—| |« toprenrs tpTEn—
DyxA/DxB 1STBIT 2ND BIT
—»
toprLrse
LATE EXTERNAL TRANSMIT FS
DRIVE SAMPLE DRIVE
SCLK \ I
[—— tsrsen —™ thorsen
FS _/
—»| topreEn
— | toprENFs YpTEn—
DyA/DyB — 1ST BIT 2ND BIT
—»
toprLEsE

Figure 30. Serial Ports — External Late Frame Sync
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Table 37. SPI Interface Protocol — Slave Switching and Timing

Parameter Min Max Unit
Timing Requirements
tspiciks Serial Clock Cycle 8tccik ns
tspicHs Serial Clock High Period Atce—4 ns
tspicis Serial Clock Low Period Atc—4 ns
tspsco SPIDS Assertion to First SPICLK Edge

CPHASE=0 3.5t +8 ns

CPHASE =1 1.5tcc+8 ns
thps Last SPICLK Edge to SPIDS Not Asserted

CPHASE=0 0 ns
tsspiDs Data Input Valid to SPICLK Edge (Data Input Set-up Time) 0 ns
thspios SPICLK Last Sampling Edge to Data Input Not Valid teakt1 ns
tspppw SPIDS Deassertion Pulsewidth (CPHASE = 0) tecik ns
Switching Characteristics
tpsor SPIDS Assertion to Data Out Active 2 0.5tcc+5.5 ns
tpspHi SPIDS Deassertion to Data High Impedance 1.5 0.5tcc+5.5 ns
topspiDs SPICLK Edge to Data Out Valid (Data Out Delay Time) 0.75tccx+3 ns
thpspiDs' SPICLK Edge to Data Out Not Valid (Data Out Hold Time) 0.25tcck+3 ns
tupLses' SPICLK Edge to Last Bit Out Not Valid

(Data Out Hold Time) for LSB 0.5tspick+4.5tccrk ns
tosov’ SPIDS Assertion to Data Out Valid (CPHASE = 0) 1.5tccic+7 ns

!When CPHASE = 0 and baud rate is greater than 1, t,, affects the length of the last bit transmitted.
? Applies to the first deassertion of SPIDS only.
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JTAG Test Access Port and Emulation

Table 38. JTAG Test Access Port and Emulation

Parameter Min Max Unit
Timing Requirements

trek TCK Period tek ns
tsap TDI, TMS Setup Before TCK High 5 ns
thrap TDI, TMS Hold After TCK High 6 ns
tssys System Inputs Setup Before TCK Low' 2 ns
thsys System Inputs Hold After TCK Low' 15 ns
trrsTw TRST Pulsewidth 4tcg ns
Switching Characteristics

toroo TDO Delay from TCK Low 13 ns
tosys System Outputs Delay After TCK Low? 30 ns

! System Inputs = DATA47-16, ADDR23-0, RD, WR, ACK, RPBA, SPIDS, EBOOT, LBOOT, DMAR2-1, CLK_CFG1-0, CLKDBL, CS, HBR, SBTS, ID2-0, IRQ2-0, RESET,

BMS, MISO, MOSI, SPICLK, DxA, DxB, SCLKx, FSx, LDAT7-0, LxCLK, LxACK, SDWE, HBG, RAS, CAS, SDCLK0, SDCKE, BRST, BR6-1, PA, MS3-0, FLAG11-0.
2System Outputs = BMS, MISO, MOSI, SPICLK, DxA, DxB, SCLKx, FSx, LxDAT7-0, LxCLK, LxACK, DATA47-16, SDWE, ACK, HBG, RAS, CAS, SDCLK1-0, SDCKE,

- trek >

TCK

tsrap— P turap

TMS
TDI

[— torpo

TDO

tssys— 1 —— tysys—»

SYSTEM
INPUTS

[ tosys =i

SYSTEM
OUTPUTS

Figure 33. JTAG Test Access Port and Emulation
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OUTPUT DRIVE CURRENTS

Figure 34 shows typical I-V characteristics for the output driv-
ers of the ADSP-21161N. The curves represent the current drive
capability of the output drivers as a function of output voltage.

VppexT = 3.47V, —40°C

VppexT = 3.3V, +25°C

Vppext = 3-13V, +105°C

VppexT = 3.47V, -40°C

LOAD (Vppext) CURRENT — mA
®
o

VppexT = 3.3V, +25°C

-60) VppexT = 3.13V, +105°C

0 05 1.0 15 20 25 3.0 3.5
SWEEP (Vppext) VOLTAGE - V

Figure 34. Typical Drive Currents

TEST CONDITIONS
The DSP is tested for output enable, disable, and hold time.

Output Enable Time

Output pins are considered to be enabled when they have made
a transition from a high impedance state to the point when they
start driving. The output enable time tgy, is the interval from
the point when a reference signal reaches a high or low voltage
level to the point when the output has reached a specified high
or low trip point, as shown in the Output Enable/Disable dia-
gram (Figure 35). If multiple pins (such as the data bus) are
enabled, the measurement value is that of the first pin to start
driving.

Output Disable Time

Output pins are considered to be disabled when they stop driv-
ing, go into a high-impedance state, and start to decay from
their output high or low voltage. The time for the voltage on the
bus to decay by AV is dependent on the capacitive load, C; and
the load current, I;. This decay time can be approximated by the
following equation:

tprcay = (CLAV)/I,

The output disable time tpg is the difference between tygasurep
and tpgcay as shown in Figure 35. The time tygasurep is the inter-
val from when the reference signal switches to when the output
voltage decays AV from the measured output high or output low
voltage. tppcay is calculated with test loads Cp and Iy, and with
AV equal to 0.5 V.
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REFERENCE
SIGNAL
<—>| tueasuRED
tois — tena

Vou v

(MEASURED) _ OH
Von (MEASURED) — AV 2.0V (EASURED)

Vo Vor (MEASURED) + AV 1.0V VoL

(MEASURED) toecay (MEASURED)

OUTPUT STOPS DRIVING OUTPUT STARTS DRIVING

HIGH IMPEDANCE STATE.
TEST CONDITIONS CAUSE THIS
VOLTAGE TO BE APPROXIMATELY 1.5V.

Figure 35. Output Enable/Disable

Example System Hold Time Calculation

To determine the data output hold time in a particular system,
first calculate tppcay using the equation given above. Choose AV
to be the difference between the ADSP-21161N’s output voltage
and the input threshold for the device requiring the hold time. A
typical AV will be 0.4 V. Cy is the total bus capacitance (per data
line), and I} is the total leakage or three-state current (per data
line). The hold time will be tpgcay plus the minimum disable
time (i.e., tparrwn for the write cycle).

TO 500

OUTPUT © M\ O 1.5V
PIN

30pF

H——e

Figure 36. Equivalent Device Loading for AC
Measurements (Includes All Fixtures)

INPUT
OR 1.5V 1.5V
OUTPUT

Figure 37. Voltage Reference Levels for AC
Measurements (Except Output Enable/Disable)
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OUTLINE DIMENSIONS

The ADSP-21161N comes in a 17 mm x 17 mm, 225-ball
CSP_BGA package with 15 rows of balls.
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Figure 42. 225-Ball CSP_BGA (BC-225-1)

SURFACE-MOUNT DESIGN

Table 41 is provided as an aid to PCB design. For industry stan-
dard design recommendations, refer to IPC-7351, Generic
Requirements for Surface-Mount Design and Land Pattern
Standard.

Table 41. BGA Data for Use with Surface-Mount Design

Package Ball Attach Type Solder Mask Opening Ball Pad Size
225-Ball CSP_BGA (BC-225-1) Solder Mask Defined 0.40 mm diameter 0.53 mm diameter
ORDERING GUIDE
On-Chip Package Package
Model' Temperature Range? Instruction Rate SRAM Description Option
ADSP-21161NKCA-100 0°Cto 85°C 100 MHz 1M bit 225-Ball CSP_BGA | BC-225-1
ADSP-21161NCCA-100 -40°Cto +105°C 100 MHz 1M bit 225-Ball CSP_BGA | BC-225-1
ADSP-21161NKCAZ100 0°Cto 85°C 100 MHz 1M bit 225-Ball CSP_BGA | BC-225-1
ADSP-21161NCCAZ100 -40°Cto +105°C 100 MHz 1M bit 225-Ball CSP_BGA | BC-225-1
ADSP-2116TNYCAZ110 -40°Cto +125°C 110 MHz 1M bit 225-Ball CSP_BGA | BC-225-1
! Z = RoHS Compliant Part.
? Referenced temperature is case temperature.
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